Major products of the photolysis of 9-bromoanthracene and 9,10-dibromoanthracene in benzene and acetonitrile as well as photochemical reaction products of the two bromoanthracenes with N,N-dimethylaniline in these solvents have been isolated and identified. The mechanisms of partial reactions are discussed and attention is paid to the medium effect on the photochemical transformations.
Both excimers and exciplexes have attracted the attention of molecular physicists and photochemists over the last decade. Owing to the use of laser photolysis, measurements of short-lived photocurrents, and pulse spectrofluorimetry, it became possible to satisfactorily explain photophysical processes occurring in molecular systems [1] . Excimers and exciplexes provide important steps of many photochemical reactions. Photochemical reactions of a variety of aromatic hydrocarbons have been shown to be preceded by excimer formation [2, 3] .
The exciplxes, first detected in systems comprising aromatic hydrocarbons and tertiary aromatic amines [4] , have frequently been observed in many classes of organic compounds. In articles [5, 6] , numerous examples of photochemical reactions are reported for which exciplexes have been shown or postulated to provide intermediate steps.
The exciplexes of anthracene with tertiary amines, which were carefully studied, proved to be photochemically active. The products and/or kinetics of these reactions were studied by Yang and coworkers [7] , Saltiel, and co-workers [8] and Pac and Sakurai [9] .
One of us (T. L.) together with his co-workers, studied the products and kinetics of a variety of photochemical reactions between N,N-dimethylaniline (DMA) and bromobenzene [10] as well as between DMA or other tertiary aromatic amines and chlorinated methanes [11] . The results of these studies, as well as those by Tasa, Pac, and Sakurai [12] , revealed that exciplexes provided initial steps + Reprint requests to Dr. T. Latowski. 0340-5087/81/0700-0846/$ 01.00/0 of these reactions. Photochemical activity of systems including halogenated aliphatic and aromatic hydrocarbons is determined by high lability of radical anions of these compounds. In the hitherto studied systems containing halogenated benzenes [10] or chlorinated methanes [11] , the electron donor (aromatic amine) was first excited. In the case of halogenated anthracenes the situation may be reversed. According to Weller's suggestion [13] , the excitation of the acceptor instead of donor should not affect the nature of the exciplex formed between the halogenated compound and the amine.
In this article the results of the study of the photolysis of 9-bromoanthracene (BA) and 9,10-dibromoanthracene (DBA) and reactions of these compounds with DMA in benzene and acetonitrile are presented. and hydrogen bromide. Similar products were obtained in 1,4-dioxane. In acetonitrile, 1 was the major product, along with small amounts of more than ten other compounds detected by thin-layer chromatography. In the dioxane medium, compounds 2, 3 and 4 were absent. Photodimerization is a common process for aromatic hydrocarbons, in particular for anthracene and its derivatives [3] . Halogenated anthracenes were found to form photodimers in solution, their yields decreasing in the series 9-fluoroanthracene > 9-chloroanthracene > 9-bromoanthracene [14] . The photodimerization of anthracene was shown to proceed from the excited singlet state via an excimer as the intermediate step [2, 15] . The mechanism of the formation of 1 can be outlined as follows:
Results and Discussion

A. Photolysis of the bromoanthracenes in solution
The low yields of 2, 3 and 4 are indicative of the homolytic dissociation of the C-Br bond in the bromoanthracene molecule. These yields, being lower than in the case of bromobenzene [16] , are presumably due to enhanced ability of the bromoanthracene to cope with the consequences of the ^-electron excitation. The reactions affording 2, 3 and 4 can be written as follows: BA* Br + A-A-+ BA + Br -> 3 + HBr BA + Br -> BA-+ HBr 2 A-->4 2 BA-2
The low yields of 2, 3 and 4 show that the photolysis of BA is not competitive for the photodimerization process.
The photolysis of 9,10-dibromoanthracene (DBA) in acetonitrile affords a variety of products in low yields. Photodimers were not observed. The photochemical activity of DBA was markedly lower than that of BA.
B. Photochemical reactions of bromoanthracene with DMA in solution
The following products were formed during irradiation of BA with DMA in acetonitrole: In the benzene medium, the reactivity of the BA-DMA system was markedly lower. The products included 1, 2, 3 and 4 which were found also during photolysis of BA in this solvent (section A), and 7 whilst 5, 11 and 12 were absent.
The photochemical reaction of DBA with DMA in acetonitrile gave the following products:
No. Formula % Yield (wt.%) BA 70 7 13.4 and hydrogen bromide.
To learn whether or not DBA reacts with 7, which is formed in high yield in the photochemical reaction between DBA and DMA in acetonitrile, major products of the photochemical reaction in this system were investigated. The following products were found: These products indicate that the main pathway of the photochemical reaction of the bromoanthracenes with DMA and 7 in acetonitrile is photoreduction to anthracene and 9-bromoanthracene, respectively.
There are some reports on the photoreduction of DBA and 9,10-dichloroanthracene (DCA) by diethylamine and triethylamine [17] as well as aniline, N-methylaniline and DMA [18] in heptane and methylcyclohexane, where also the formation of BA or CA is observed. In benzene, radical transformations predominate owing to the nonpolar nature of this solvent.
The system anthracene -DMA in acetonitrile behaves unlike those just described. The photochemical reaction in this system affords the following products [9] : the photodimer of anthracene (in a low yields), 9,10,9',10'-tetrahydro-9',9'-bianthryl (10 to 20%), 9,10-dihydroanthracene (5-10%), and 9 (60 to 65%). In all these compounds the molecule of anthracene is hydrogenated at positions 9,10.
To elucidate the differences in the photochemical behavior of anthracene and bromoanthracene in the presence of DMA and 7, and to suggest the mechanism of the formation of the products in our systems, let us consider primary photophysical processes occurring in the exciplexes of the type aromatic hydrocarbon (A)-aromatic amine (D) in the polar medium [19] is the unrelaxed CT complex, AS~...DS + is the solvated ion pair, As _ , Ds + are the free radical ions, and (A~D+)* is the relaxed exciplex. The radical anion of anthracene As -and the radical cation DMAS + , which are formed upon ionic photodissociation of the exciplex, become precursors of the photoproducts.
In the case of bromoanthracenes, the radical anions BA~ and DBA--dissociate to produce the bromide ion and the aryl radical. The heterolytic dissociation of bromoanthracene occurs presumably either within the unrelaxed CT complex or in the ion pair. The aryl radical and the radical cation of the amine in the solvent cage are precursors of further transformations in these systems which can be represented as follows:
i.
{BA--+ DMA--} {A-+ DMA-+ + Br-} ii.
{DBA-+ DMA +} -> {BA-+ DMA-+ + Br-} iii.
{DBA--+ 7 +} -> {BA-+ 7-+ + Br-}
The anthryl (A-) and 9-bromoanthryl (BA-) radicals are acceptors of hydrogen which is produced mostly from the methyl groups of the amines. Anthracene and 9-bromoanthracene arise by splitting off hydrogen by the A-or BA-radical: The remaining products of the photochemical reactions of BA and DBA with DMA in acetonitrile (6, 7, 8, 10, 11 and 12) may arise either by subse-+ quent transformations of the PhN(CH3)CH2 carbocation or the PhN(CH3)CH2 radical. These transformations are analogous to those described for the reactions of DMA with bromobenzene [10] and chlorinated methanes [11] .
Quite dissimilar are the fates of the transformations in the system DBA-7, whose precursors are the BA-radical and the 7-+ radical cation. The composition of the products suggests that in this Further, similarly as in the case of DMA, hydrogen is split off 7 or the radical cation of 7 by the BAradical to give BA and the following species:
The reactive species formed during decomposition of 7 -+ and in reaction (iii) react with each other to give 14-17.
Experimental Section
Reagents N,N-Dimethylaniline (manufactured by POCh, Gliwice, Poland) was of analytical reagent grade. It was additionally purified by the earlier reported procedure [11] . 9-Bromoanthracene (Fluka AG, Busch SG) was doubly crystallized from ethanol followed by final purification by column chromatography on silica gel using hexane as the eluant. 9,10-Dibromoanthracene was doubly crystallized from ethanol. The purity of the reagents was monitored by TLC.
Acetonitrile (B. D. H., England) was first distilled over a Vigreux column, the first benzene-containing fractions being rejected, followed by purification using the procedure described in [20] . Dioxane (analytical reagent; POCh, Gliwice) was first purified by crystallization, the lower-melting fractions being rejected, and then by the procedure described in [21] . Spectroscopic-grade benzene (Loba-Chemie) was used as supplied. Hexane (Reakhim, U. S. S. R.) petroleum ether (POCh, Gliwice) and ethyl ether (POCh, Gliwice) were purified by distillation.
Procedure
The solutions to be irradiated were outgassed either by bubbling argon for approx. 30 min or by freeze-pump-thaw cycles. The irradiations were carried out in round-bottom flasks fitted with stopcocks to cut off air, or in sealed Pyrex ampuls, using the filtered (liquid filter made of BiCl3 in 6 N HCl) radiation of a medium pressure Hg lamp Q-400. The mixture of photoproducts was separated and analyzed by TLC and column chromatography on silica gel (Merck) using appropriate developing systems.
The isolated products were identified either based on their MS, NMR, IR and UV spectra [22] or by comparison of the spectra with those of authentic samples.
Mass spectra were run on a Varian MAT-711 spectrometer. 1 H NMR spectra were obtained on a Tesla BS 487 C instrument operated at 80 MHz. IR spectra were taken with a Perkin-Elmer Model 257 spectrophotometer, and the UV spectra with a Specord UV-VIS spectrophotometer (G. D. R.). 
Spectroscopic characteristics of the photochemical reaction products
